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Abstract	
	
	 Upon	exposure	to	stresses,	a	battery	of	reactions	occurs	within	the	model	moss	
Physcomitrella	patens	that	induces	the	expression	of	defense-related	genes.	One	of	these	
reactions	results	in	the	production	of	abscisic	acid	(ABA),	a	plant	hormone	that	helps	a	plant	
resist	desiccation	by	inducing	the	activation	of	defense	genes	which	results	in	protective	
physiological	reactions.	In	this	study,	experiments	were	conducted	on	the	moss	species	Mnium	
cuspidatum	to	see	if	it	responds	similarly	to	P.	patens.	This	comparison	was	investigated	as	
sample	groups	of	M.	cuspidatum	and	P.	patens	were	pre-treated	with	0µM,	50µM,	or	500µM	
ABA	to	analyze	the	resistive	effects	from	ABA	upon	salt	exposure	on	these	groups.	After	pre-
treatment,	each	group	was	then	exposed	to	either	0mM,	250mM,	or	500mM	NaCl	for	3	and	14	
days	to	see	if	ABA	could	increase	resistance	to	salt-induced	death.	The	relative	quantity	of	
chlorophyll	content	in	each	moss	sample	was	measured	using	spectrophotometry,	which	
reflects	moss	survivability.	This	chlorophyll	content	was	also	measured	over	time	to	analyze	
chlorophyll	retention	for	each	moss	species.	ABA	pre-treatment	demonstrated	increased	
chlorophyll	retention	for	treated	samples	versus	untreated	samples.	However,	no	ABA	pre-
treatment	completely	protected	the	plants	from	salt-induced	death	as	both	increased	
concentration	and	prolonged	salt	exposure	resulted	in	lower	chlorophyll	content.			
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Introduction	
	
Traits	and	Evolution	of	Species	
All	organisms	are	perpetually	exposed	to	various	factors	such	as	limited	resources	that	
make	survival	an	arduous	task,	and	species	evolve	in	their	respective	environments	to	better	
combat	these	factors.	One	mechanism	that	drives	evolution	forward	is	natural	selection.	For	
natural	selection	to	occur,	there	must	be	heritable	variation	such	as	genetic	mutations	in	a	
population,	and	natural	selection	selects	the	appropriate	variation	on	specific	traits.	This	
selection	allows	differential	survival	and	reproduction	to	occur	because	traits	that	are	
advantageous	are	more	likely	to	be	passed	on	to	offspring	while	disadvantageous	traits	are	not.		
Over	time,	natural	selection	can	lead	to	descent	with	modification	of	a	species	which	
has	adapted	to	its	environment.	These	adaptations	over	years	of	survival	pressures	have	
resulted	in	fascinating	trait	developments.	For	example,	the	cheetah’s	capacity	to	run	at	
incredible	velocities	of	about	71mph	allows	it	to	have	higher	success	in	catching	prey	to	survive	
(Hildebrand,	1959).	Evolution	of	other	traits	such	as	camouflage	are	seen	in	Octopus	vulgaris	
which	has	the	ability	to	blend	into	its	environment	within	about	two	seconds	through	its	
utilization	of	chromatophores	to	change	its	body’s	hue	and	texture.	Through	camouflage,	an	
octopus	is	able	to	avoid	predators	or	surprise	prey	which	bolsters	survivability	for	this	octopus	
that	can	then	more	likely	pass	on	this	camouflage	trait.	Not	only	does	an	octopus	utilize	this	
trait	for	offense,	but	camouflage	is	also	a	defense	mechanism	(Hanlon,	2007).		
Another	defense	mechanism	is	seen	in	the	common	bed	bug,	Cimex	lecturlarius,	which	
has	evolved	to	have	an	increased	cuticle	thickness	because	bed	bugs	that	possess	a	thicker	
cuticle	are	more	resistant	to	the	insecticide	pyrethroid.	These	thicker-shelled	bed	bugs	are	
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more	likely	to	survive	compared	to	other	bed	bugs	when	exposed	to	pyrethroid,	so	the	genes	
involved	with	developing	a	thicker	cuticle	are	passed	on	to	offspring	which	ultimately	results	in	
the	evolution	of	bed	bugs	that	are	insecticide-resistant	(Lilly	et	al.,	2016).	It	is	clear	that	
evolution	enables	traits	to	develop	in	a	broad	spectrum	of	ways	for	these	animals.	However,	
plants	have	also	evolved	to	possess	improved	defense	traits.	
The	same	environmental	conditions	that	force	survival	pressures	on	animals	also	apply	
to	plants.	Plants	and	animals	both	need	a	source	of	energy	to	survive,	and	while	an	animal	that	
cannot	find	food	likely	will	die,	a	photosynthetic	plant	also	has	difficulty	surviving	in	an	
environment	that	lacks	sufficient	energy	in	the	form	of	light.	Both	also	need	fluids	such	as	water	
to	survive,	so	immotile	plants	have	evolved	to	siphon	water	from	the	surrounding	ground	
through	their	roots.	Plants	even	possess	defense	systems	that	function	similarly	to	the	innate	
and	adaptive	immune	response	of	animals	(Durrant	et	al.,	2004).		
	
Defense	responses	in	plants—Hypersensitive	Response	and	Systemic	Acquired	Resistance	
	
When	a	pathogen	is	able	to	surpass	the	physical	barriers	of	an	animal,	the	innate	
immune	response	is	activated	often	through	inflammation	where	the	host	experiences	swelling,	
heat,	redness,	pain,	and	sometimes	loss	of	function	all	in	an	attempt	to	eliminate	the	pathogen.	
The	hypersensitive	response	(HR)	seen	in	plants	is	similar	to	an	animal’s	innate	response	as	it	
involves	reacting	to	a	pathogen	in	a	localized	manner	where	defensive	actions	such	as	cell	wall	
strengthening	and	apoptosis	of	necrotic	tissues	may	occur	to	quarantine	and	kill	the	pathogen	
in	the	host.	The	adaptive	immune	response	of	animals	involves	developing	a	long-term	memory	
to	a	pathogen	so	that	a	stronger	and	faster	defense	response	can	occur	upon	second	exposure	
	 	Kurt	Corsbie	8	
to	a	similar	pathogen.	Similarly,	the	systemic	acquired	resistance	(SAR)	seen	in	vascular	plants—
plants	that	possess	xylem	and	phloem	for	transportation	of	nutrients	throughout	the	
organism—enables	the	plant	to	protect	itself	from	pathogenic	exposure	throughout	the	plant	
body	for	a	long	period	of	time	(Durrant	et	al.,	2004).		
The	SAR	process	occurs	as	the	pathogen	activates	salicylic	acid	(SA),	a	regulatory	
hormone.	SA	then	travels	to	the	exterior	of	a	plant	cell	and	transduces	its	signal	to	the	protein	
NPR1.	NPR1	then	travels	into	the	cell’s	nucleus	to	activate	transcription	factors	that	
subsequently	induce	defense	genes.	Some	of	these	genes	are	pathogenesis-related	genes	(PR	
genes)	that	travel	through	the	vasculature	and	bolster	the	plants	resistance	to	future	
pathogenic	infections,	and	other	responses	result	in	the	release	of	reactive	oxidative	species	
along	with	defense	hormones	like	jasmonic	acid	and	ethylene	(Durrant	et	al.,	2004;	Ponce	de	
León	et	al.,	2011).	SAR	functions	so	similarly	to	the	animal	adaptive	response	that	plant	
exposure	to	attenuated	pathogens	functions	very	comparably	to	a	vaccination	because	the	
plant	can	better	resist	pathogens	later	upon	second	exposure	to	a	similar	pathogen	(Sticher	et	
al.,	1997).		
Research	about	the	defense	systems	of	vascular	plants	through	exogenous	exposure	has	
resulted	in	a	great	influx	of	information	on	the	development	of	genetically	modified	plants	for	
purposes	such	as	crop	growth	(Ryals	et	al.,	1996).	However,	investigation	in	non-vascular	
plants,	which	lack	the	transporting	xylem	and	phloem,	had	not	been	so	prominent	until	the	use	
of	Physcomitrella	patens	as	a	model,	non-vascular	plant	species	for	research.	The	use	of	P.	
patens	as	a	model	for	stress	tolerance	has	continued	to	proliferate	in	the	recent	decade	
following	its	complete	genome	sequencing	(Rensing	et	al.,	2008).	P.	patens	possesses	defensive	
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genes	such	as	PAL,	LOX,	and	PR-1,	and	genomic	sequencing	enables	gene	knockout	experiments	
to	predict	and	learn	the	functions	of	similar	genomic	sequences	of	other	non-vascular	plant	
species	(Ponce	de	León	et	al.,	2011).	Additionally,	research	has	shown	commonalities	in	
vascular	and	non-vascular	plant	defense	mechanisms	such	as	the	presence	of	a	response	similar	
to	SAR	in	the	moss	Amblystegium	serpens	which	suggests	that	some	non-vascular	plants	may	
possess	a	SAR-like	capacity	(Winter	et	al.,	2014).	Through	the	defensive	similarities	found	
between	vascular	and	non-vascular	plants,	additional	connections	may	be	made	by	continuing	
to	test	different	survival	aspects	of	these	non-vascular	plants.	
	
The	Abiotic	Stress	Regulatory	Hormone	Abscisic	Acid	
	
P.	patens	is	a	great	model	for	studying	the	characteristics	of	non-vascular	plants	because	
it	is	easy	to	maintain	and	has	a	high	tolerance	to	many	stress	factors	such	as	salt,	cold,	drought,	
and	osmotic	pressure	(Oliver	et	al.,	2009).	In	testing	these	different	factors,	many	involved	
hormones	have	been	thoroughly	investigated	to	see	their	functions	and	effects.	Abscisic	acid	
(ABA)	is	the	plant	hormone	of	interest	in	the	research	being	conducted	(Figure	1).		 	
	
Figure	1:	A	molecular	representation	of	abscisic	acid	(ABA)	(Zeevart	et	al.,	1988).	
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ABA	is	a	molecule	of	great	interest	because	it	has	been	shown	to	enhance	the	
survivability	of	non-vascular	plants	such	as	P.	patens	due	to	ABA	being	involved	with	stress	
response	genes.	ABA	is	a	phytohormone	that	is	produced	through	a	series	of	reactions	in	the	
ABA	biosynthetic	pathway.	ABA	is	regulated	through	the	genes	ZEP,	NCED,	AAO,	and	MCSU	
along	with	calcium	which	serves	as	the	point	of	negative	feedback	from	overproduction	of	ABA	
(Figure	2).	ABA	is	ultimately	involved	with	aiding	the	plant	in	better	tolerating	drought	salt,	
cold,	and	desiccation	(Tuteja	et	al.,	2007;	Minami	et	al.,	2003;	Frank	et	al.,	2005).		
	
Figure	2:	A	representation	of	the	biosynthetic	pathway	of	ABA	along	with	its	regulation.	β-carotene	is	converted	to	
ABA	through	a	series	of	enzymatic	reactions,	and	the	induction	of	these	enzymes’	genes	is	stimulated	by	abiotic	
stress	(Tuteja	et	al.,	2007).	
	
	 The	production	of	ABA	in	response	to	stress	induces	a	number	of	defense	responses.	
One	of	these	responses	is	stomatal	closure,	which	is	a	main	driver	for	reducing	desiccation	from	
salt	or	insufficient	hydration.	ABA	induces	the	β-glucoronidase	reporter	gene	to	encode	
dehydrin	proteins	(Knight	et	al.,	1995).	These	dehydrins	help	activate	guard	cells	surrounding	
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stomata	by	decreasing	the	turgor	pressure	of	the	plant,	thus	closing	the	stomata	and	reducing	
water	loss	during	abiotic	stress	(Sakata	et	al.,	2014;	Wasikewska	et	al.,	2008).		
	 Further	investigation	of	ABA’s	effects	was	conducted	through	the	exogenous	induction	
of	ABA	on	non-vascular	plants.	The	pre-treatment	of	P.	patens	with	ABA	was	demonstrated	to	
bolster	the	plant’s	resistance	to	desiccation	(Frank	et	al.,	2005;	Komatsu	et	al.,	2013).	For	
example,	Frank	et	al.	2005	tested	P.	patens	which	was	pre-treated	with	50µM	ABA	for	24	hours	
and	then	exposed	to	abiotic	stressors	of	NaCl	and	sorbitol.	For	NaCl,	0mM,	250mM,	300	mM,	
350mM,	and	500mM	NaCl	were	exposed	to	both	untreated	and	pre-treated	P.	patens	samples	
for	3	and	14	days	to	see	the	effects	that	NaCl	stress	had	on	chlorophyll	content,	which	is	
directly	correlated	with	plant	survivability.	This	correlation	is	present	because	chlorophyll	is	
constantly	decomposed	upon	exposure	to	photons,	so	continual	synthesis	of	chlorophyll	is	
performed	in	plants.	If	a	plant	experiences	sufficient	stress,	chlorophyll	synthesis	decreases	to	
allocate	energy	for	defense	mechanisms	which	results	in	lower	retention	of	chlorophyll.	
Sorbitol	concentrations	of	0mM,	400mM,	450mM,	500mM,	and	750mM	were	administered	to	
another	group	of	untreated	and	pre-treated	P.	patens	samples	for	3	and	14	days	as	well	to	see	
if	abiotic	stress	types	resulted	in	different	effects	on	chlorophyll	levels.	These	studies	had	
similar	results	as	ABA	pre-treatment	was	shown	to	increase	moss	survivability,	and	ABA	was	
most	beneficial	for	survival	when	the	NaCl	conditions	were	at	higher	concentrations	(Frank	et	
al.,	2005).			
ABA	pre-treatment	also	affects	production	of	storage	proteins,	reduced	seed	
development,	and	decreased	germination	as	energy	was	allocated	towards	direct	defenses	
rather	than	seed	development	when	faced	with	death	(Tuteja	et	al.,	2007).	ABA	pre-treatment	
	 	Kurt	Corsbie	12	
was	even	demonstrated	to	increase	the	levels	of	sugar	in	vitrified	cytoplasm	which	protected	
the	cell	membranes	from	lysing	and	leaking	important	ions	in	the	moss	Atrichum	androgynum	
(Beckett	et	al.,	1999;	Mayaba	et	al.,	2001).	Research	on	hormonal	stress	responses	of	P.	patens	
has	established	the	ability	of	this	moss	to	withstand	a	variety	of	environmental	stresses.	
However,	this	species’	characteristics	likely	do	not	accurately	reflect	the	rest	of	its	constituent	
bryophytes.		
	
Thesis	Research	and	Hypotheses	
	
	 The	moss	Mnium	cuspidatum	has	not	been	investigated	as	thoroughly	as	P.	patens	in	its	
environmental	stress	tolerance.	The	goals	of	this	study	were	to:	(1)	replicate	the	salt	exposure		
stress	tolerance	of	P.	patens	to	establish	a	species	control,	(2)	compare	this	species	control	with	
M.	cuspidatum	to	develop	a	relative	understanding	of	salt	stress	tolerance	among	the	two	
species,	and	(3)	observe	the	effects	that	NaCl	and	ABA	concentrations	and	length	of	salt	
exposure	have	on	each	moss	species’	retention	of	chlorophyll.	
	I	hypothesize	that	M.	cuspidatum	survivability	decreases	when	either	salt	
concentrations	or	length	of	salt	exposure	increases	because	salt	stress	is	detrimental	to	moss	
growth.	Also,	I	hypothesize	that	M.	cuspidatum	will	experience	improved	resistance—visualized	
by	higher	chlorophyll	content	levels—upon	ABA	pre-treatment	because	ABA	induces	defense	
genes	involved	with	stress	tolerance.	
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Materials	and	Methods	
Plant	Maintenance	and	Preparation	
Mnium	cuspidatum	and	Physcomitrella	patens	moss	were	grown	on	BCD	media.	Media	
was	prepared	by	mixing	2mL	of	0.21M	MgSO4,	2mL	of	0.18M	KH2PO4,	2mL	of	1.00M	KNO3,	2mL	
of	0.01M	FeSO4,	0.96g	agar	gel,	0.184g	ammonium	tartrate,	200µM	calcium	chloride,	200µL	
trace	elements,	and	enough	distilled	water	to	fill	up	200mL	in	a	flask.	For	media	used	to	subject	
mosses	to	NaCl	exposure,	the	appropriate	volume	of	5M	NaCl	was	added	to	the	flask	prior	to	
the	flask	being	heated	and	autoclaved	for	amalgamation.	Plants	were	cultured	in	Parafilm-
sealed	petri	dishes	under	continual	fluorescent	light.	Sample	sizes	of	about	10mg	for	both	moss	
species	were	cut	from	a	cultured	supply	with	scissors	sterilized	via	100%	ethanol	and	Bunsen	
burner.		
	
ABA	Treatment	of	Moss	Samples	
	
A	total	of	7	trials	were	run	for	M.	cuspidatum,	and	3	trials	were	run	for	P.	patens.	For	
each	trial	run,	6	moss	samples	were	transferred	onto	each	of	3	plate	sections	containing	fresh	
BCD	media	and	separated	into	these	designated	sections	in	each	dish	based	on	ABA	addition.	
These	sections	were	labelled	as	having	no	ABA,	50µL	of	50µM	ABA,	or	50µL	of	500µM	ABA	
based	on	each	ABA	application.	ABA	was	directly	applied	to	each	sample	via	micropipette	in	a	
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manner	where	ABA	covered	each	sample	to	ensure	optimum	ABA	absorption	into	the	moss,	
and	distance	was	maintained	between	each	sample	group	to	minimize	diffusion	of	ABA	in	
media	from	one	group	to	another.	
	
NaCl	Addition	to	Media	for	Salt	Stress	Exposure	
	
After	allowing	24	hours	for	ABA	absorption	in	the	designated	samples,	the	total	of	18	
samples	were	transferred	to	BCD	media	with	varying	concentration	of	NaCl:	0mM	NaCl,	250mM	
NaCl,	and	500mM	NaCl	so	that	each	of	the	3	NaCl	plates	had	6	mosses	samples.	Each	NaCl	plate	
was	sectioned	off	so	that	the	3	different	ABA	pre-treatment	sections	had	2	samples—a	sample	
for	3	and	14	days	exposure,	at	which	time	chlorophyll	content	was	measured.	Therefore,	the	3	
different	NaCl	exposures	were	each	crossed	with	all	3	ABA	pre-treatments	to	get	9	total	
different	conditions	(Table	1).	There	were	also	2	samples	for	each	of	the	9	conditions	so	that	a	
sample	could	be	run	at	3	and	14	days	exposure.	The	same	conditions	and	timeframes	were	
used	for	P.	patens	to	compare	with	M.	cuspidatum.	
	
Table	1:	The	nine	different	moss	conditions	produced	from	different	combinations	of	[ABA]	pre-treatment	and	
[NaCl]	exposure.	
	
Chlorophyll	Content	Analysis	
	
	A	sample	from	each	of	the	nine	conditions	was	dried	of	media	by	absorptive	paper	for	
	 	Kurt	Corsbie	15	
both	the	3	and	14	days	exposure,	the	weight	of	each	sample	was	recorded,	and	each	sample	
was	crushed	in	a	1.5mL	Eppendorf	tube	containing	500µL	of	80%	acetone	to	extract	the	
chlorophyll	from	the	sample.	Eppendorf	tubes	were	spun	at	14,000	rpm	for	5	minutes,	and	the	
supernatant	was	transferred	to	cuvettes	filled	with	4.5mL	80%	acetone.	A	blank	cuvette	with	
80%	acetone	was	used	to	set	a	spectrophotometer.	The	cuvettes	containing	the	supernatant	
were	then	run	in	the	spectrophotometer,	and	the	absorbance	values	were	recorded	at	645nm	
and	663nm	for	each	sample	to	quantify	the	chlorophyll	extracted	from	each	sample.	The	
following	equation	by	Frank	et	al.	(2005)	was	used	to	estimate	chlorophyll	content:	mg	
chlorophyll/mg	dry	weight	=	[(A663)(0.00802)	+	(A645)(0.0202)	x	1.5/dry	weight.		
	
Results	and	Discussion	
Physcomitrella	patens	exhibits	better	desiccation	tolerance	than	Mnium	cuspidatum	
	 To	evaluate	how	well	M.	cuspidatum	would	be	able	to	resist	the	detrimental	effects	of	
desiccation	with	and	without	pre-treatment	of	ABA,	a	comparison	of	the	moss	in	different	types	
of	environmental	conditions	was	performed.	After	exposing	samples	to	either	0µM,	50µM,	or	
500	µM	for	24	hours	(Figure	3A),	the	different	samples	were	transferred	to	new	media	plates	
supplemented	with	either	0mM,	250mM,	or	500mM	NaCl	(Figure	3B-D).		
	 The	long-term	effects	of	NaCl	exposure	and	ABA	pre-treatment	on	moss	samples	could	
be	seen	by	comparing	chlorophyll	content	analysis	after	3	days	and	14	days	(Figure	4).	Before	
chlorophyll	content	was	analyzed,	initial	visible	signs	were	observed	as	the	moss	samples	often	
began	to	change	from	a	green	hue	to	a	brown	hue	with	increased	NaCl	exposure,	decreased	
ABA	exposure,	or	when	both	treatments	were	combined.	Since	chlorophyll	is	a	green	pigment	
	 	Kurt	Corsbie	16	
that	gives	plants	their	green	color,	this	change	in	hue	from	green	to	brown	suggests	that	the	
chlorophyll	levels	decreased	for	certain	samples.	
	
Figure	3:	Agar	gel	conditions	of	M.	cuspidatum.	1A	contains	strands	stored	in	standard	BCD	for	24	hours	with	labeled	
ABA	pre-treatments.	1B,	1C,	and	1D	consist	of	strands	transferred	from	the	standard	media	after	24	hours	of	pre-
treatment.	Each	plate	is	divided	into	0µM	ABA,	50µM	ABA,	and	500µM	ABA	pre-treatments.	1B	is	a	control	with	
A	 B	
C	 D	
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0mM	NaCl,	while	1C	and	1D	have	250mM	NaCl	and	500mM	NaCl	supplemented	media,	respectively.	
	
Figure	4:	M.	cuspidatum	strands	after	exposure	to	each	plate	conditions	for	ABA	pre-treatment	and	subsequent	
NaCl	exposure	(n=7).	2A	depicts	the	strands	after	3	days	of	exposure	to	the	respective	plate	conditions,	and	2B	
depicts	14	days	of	exposure.	
Additionally,	a	moss	comparison	was	performed	with	the	model	P.	patens	which	has	
been	shown	to	exhibit	desiccation	tolerance	to	osmotic	pressure	and	salt	(Cuming	et	al.,	2007).	
The	desiccation	tolerance	of	P.	patens	was	examined	under	the	same	conditions	and	
timeframes	as	M.	cuspidatum	(Figure	5).	For	P.	patens,	the	visible	differences	were	not	as	
distinct,	which	suggests	that	either	they	are	naturally	better	at	tolerating	desiccation	compared	
to	M.	cuspidatum,	or	ABA	treatment	does	not	influence	their	chlorophyll	retention	very	much.	
However,	since	a	majority	of	the	P.	patens	samples	retain	their	levels	of	chlorophyll	due	to	
possessing	a	green	hue	even	at	higher	NaCl	exposure,	it	is	more	likely	that	P.	patens	can	
tolerate	severe	desiccation	better	since	the	moss	will	not	turn	brown,	at	least	after	14	days	of	
exposure.	This	inherent	tolerance	is	also	in	agreement	with	results	in	previous	experiments	
testing	P.	patens	tolerance	(Frank	et	al.,	2005;	Komatsu	et	al.,	2013).	
A	 B	
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Figure	5.	Conditions	of	P.	patens	after	plate	exposure.	3A	shows	the	conditions	of	the	moss	after	3	days	of	media	
exposure	while	3B	displays	14	days	of	exposure	for	the	moss	(n=3).	
	
	 The	analysis	of	the	ratio	between	the	quantity	of	chlorophyll	extracted	to	the	weight	
taken	of	each	sample	enabled	a	comparison	to	be	made	between	the	media	conditions	and	
desiccation	tolerance	as	increased	chlorophyll	present	is	positively	correlated	with	survivability	
of	the	moss	(Frank	et	al.,	2005).	M.	cuspidatum	was	relatively	unaffected	by	ABA	pre-treatment	
or	increased	NaCl	conditions	after	3	days	of	exposure,	but	the	presence	of	ABA	appears	to	
bolster	M.	cuspidatum’s	tolerance	upon	prolonged	exposure	of	14	days	albeit	at	lower	
chlorophyll	levels	compared	to	the	samples	for	the	3	days	of	exposure	(Figure	6).	Additionally,	
prolonged	exposure	resulted	in	a	greater	difference	in	chlorophyll	levels	between	the	NaCl	
conditions.	The	14-day	control	seemingly	thrived	with	increased	ABA	treatment.	On	the	other	
hand,	the	250mM	and	500mM	NaCl	conditions	eventually	took	their	toll	on	the	moss	samples	
A	 B	
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to	the	point	where	500mM	NaCl	exposure	with	no	ABA	pre-treatment	left	the	moss	sample	
with	nearly	no	chlorophyll	remaining	at	all.	
		
Figure	6:	Comparison	of	M.	cuspidatum	chlorophyll	content	relative	to	strand	weight	for	the	plate	conditions.	Error	
bars	are	±	SD	of	the	mean	(n=7).	
	
As	exposure	to	NaCl	increased,	the	chlorophyll	content	generally	decreased	(Figure	7).	
The	greater	the	concentration	of	the	NaCl	exposure,	the	greater	the	decrease	in	chlorophyll	
content	over	time	as	seen	by	the	greatest	negative	trends	being	for	the	respective	500mM	NaCl	
exposure	conditions.	On	the	other	hand,	positive	trends	were	only	associated	when	there	was	
no	NaCl	in	the	media.	In	the	samples	that	had	0	mM	NaCl,	increasing	[ABA]	improved	the	
chlorophyll	levels	which	emphasized	that	ABA	improve	chlorophyll	retention	over	time	only	if	
no	NaCl	stress	was	present	at	all.	
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Figure	7:	Change	in	mg	chlorophyll	relative	to	dry	of	weight	of	M.	cuspidatum	strands	between	3	and	14	days	of	
plate	exposure	(n=7).	Slope	colors	help	visualize	the	degree	of	change	in	the	chlorophyll/dry	weight	ratios	between	
3	and	14	days.		
	
While	M.	cuspidatum	possessed	its	own	characteristic	patterns	in	desiccation	tolerance,	
the	same	ABA	and	NaCl	conditions	for	P.	patens	demonstrates	that	increased	ABA	pre-
treatment	led	to	an	increased	ratio	of	chlorophyll:	dry	weight	as	quickly	as	3	days	time	(Figure	
8).	ABA	seems	to	increase	chlorophyll	retention	for	most	conditions	compared	to	the	conditions	
where	no	ABA	was	added.		
The	long	term	resistance	of	NaCl	in	P.	patens	is	seen	as	moderate	levels	of	chlorophyll	
are	still	maintained	after	14	days,	but	the	relative	decrease	in	chlorophyll	from	3	days	to	14	
days	is	greatly	decreased	for	most	of	the	sample	conditions	(Figure	9).	
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Figure	8:	Comparison	of	P.	patens	measured	by	chlorophyll	content	relative	sample	weight	for	each	plate	condition.	
Error	bars	are	±	SD	of	the	mean	(n=3).	
	
Figure	9:	Change	in	mg	chlorophyll	relative	to	dry	of	weight	of	P.	patens	sample	between	3	and	14	days	of	plate	
exposure	(n=3).	Slope	colors	represent	the	degree	of	change	in	the	chlorophyll/dry	weight	ratios	between	3	and	14	
days.		
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Similar	to	the	M.	cuspidatum	samples,	only	the	samples	that	were	exposed	to	no	NaCl	
but	were	treated	with	ABA	experienced	increasing	levels	of	chlorophyll	from	3	days	to	14	days,	
but	it	is	worth	noting	that	the	slopes	on	average	were	more	negative	for	P.	patens	than	M.	
cuspidatum.	This	indicates	that	P.	patens	lost	relatively	more	chlorophyll	than	M.	cuspidatum	
over	those	days	of	exposure,	so	M.	cuspidatum	may	have	better	chlorophyll	retention.	
However,	relative	levels	of	chlorophyll	after	14	days	for	P.	patens	averaged	slightly	less	than	the	
levels	for	M.	cuspidatum,	so	perhaps	P.	patens	initially	contained	more	chlorophyll	that	was	
capable	of	being	lost.	This	idea	of	more	chlorophyll	being	lost	in	P.	patens	is	supported	by	P.	
patens	and	M.	cuspidatum	having	similar	mg	chlorophyll/mg	dry	weight	levels	for	3	days	of	
exposure	but	P.	patens	having	lower	levels	after	14	days.		
Conclusion	
	 This	study	reaffirmed	previous	reports	of	the	detrimental	effects	of	salt	exposure	on	
moss	survivability.	These	effects	were	seen	as	exposure	to	salt	results	in	intensified	stress	
responses	in	both	M.	cuspidatum	and	P.	patens.	When	NaCl	concentrations	increased,	the	
chlorophyll	retention	decreased.	This	decrease	was	much	greater	for	mosses	that	had	no	ABA	
pre-treatment	too.	Also,	longer	exposure	time	led	to	lower	chlorophyll	retention	because	3	
days	of	exposure	had	little	effect	on	chlorophyll	retention,	but	14	days	of	exposure	showed	
more	noticeable	differences	in	chlorophyll	retention.		
While	both	moss	species	benefitted	from	ABA	pre-treatment,	especially	when	exposed	
to	salt	for	14	days,	P.	patens	was	seen	as	benefitting	more	from	the	ABA	pre-treatment	
compared	to	M.	cuspidatum.	It	may	be	that	P.	patens	is	able	to	utilize	this	regulatory	hormone	
more	effectively	which	enables	P.	patens	to	have	a	greater	stress	tolerance,	or	P.	patens	may	
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have	a	greater	abundance	of	chlorophyll	which	allows	it	to	slowly	siphon	from	a	stockpile	
during	conditions	of	stress.	Another	possibility	is	that	P.	patens	is	able	to	synthesize	chlorophyll	
more	efficiently	so	that	synthesis	can	continue	even	when	some	energy	is	allocated	towards	
defense	mechanisms	during	stress.	
	 With	this	variation	in	stress	tolerance	between	the	two	species,	reevaluation	of	P.	
patens	as	a	model	species	may	be	useful	as	this	model	seemingly	doesn’t	reflect	all	other	moss	
species	accurately.	While	using	techniques	like	gene	knockout	analysis	are	useful	for	identifying	
genes	present	in	different	species,	the	differing	results	from	this	experiment	highlight	how	
closely	related	species	can	still	function	in	different	manners.		
	 For	future	direction,	it	may	be	useful	to	analyze	different	abiotic	stress	conditions	such	
as	dehydration	and	cold	to	see	if	similar	results	are	produced.	Additionally,	testing	other	moss	
species	may	help	yield	evolutionary	patterns	based	on	genomic	relatedness	of	each	species.	
Lastly,	P.	patens	is	a	model	species	that	is	often	cultured	within	a	research	environment	that	is	
not	exposed	to	nature’s	pressures.	It	would	be	interesting	to	see	if	stress	tolerance	results	
would	be	different	in	laboratory	grown	P.	patens	versus	wild	P.	patens.		 	
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